Net fluxes of water across animal cell membranes appear to be osmotically coupled to fluxes of so-called osmolytes, primarily NaC1 and KC1 (House, 1974; Finkelstein, 1987) . Studies at the cell-membrane level carried out over the last three decades provided strong biophysical evidence for the existence of water-permeable pores spanning the plasma membrane of some cells (for reviews, see Tripathi and Boulpaep, 1989; Dempster et al., 1992; Whittembury and Reuss, 1992 ). This work was followed by the identification of CHIP28, an integral membrane protein expressed in mammalian red blood cells, as the water pore expressed in the plasma membrane of erythrocytes (Preston et al., 1991) and other cells (for review, see Agre et al., 1993) . Since then, a family of homologous proteins (aquaporins) has been identified in plant and animal cells, and their primary structures are highly conserved.
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Regulated transepithelial water transport is crucial for organ and whole-body function. In higher vertebrates, the gastrointestinal tract and the kidney tubules are the epithelia responsible for the highest fluid transport rates in the body, but fluid transport across the lung's alveolar and airway epithelia is also of paramount importance. Transepithelial water transport in the lung is driven by net transport of sodium salts from airspace to capillaries (for review, see Matthay et al., 1996) . The cells responsible for salt absorption (airway epithelial cells and alveolar type II cells) transport Na + by a pump-leak mechanism, i.e., channel-mediated Na + entry across the apical membrane and Na+,K+-ATPasemediated active transport across the basolateral membrane. The pathway for anion (C1-) transport is not clear; a possibility is paracellular passive transport. Water absorption is thought to be passive, driven by the osmotic forces generated by net salt transport, and involves at least in part water-permeable pores (aquaporins) expressed in the plasma membrane of the epithelial cells.
The geometry of the lung's water transport pathway is complex: two barriers are in series, an epithelium (either alveolar or airway epithelium, in parallel with each other) and an endothelium (capillary endothelium). The rate-limiting barrier is the epithelium, and the surface area of alveolar epithelium is very large relative to that of the airway epithelium. Fluid transport across the alveolar epithelium is important in lung physiology and pathophysiology, including: fluid removal from the airspace after birth, compensation of water losses brought about by alveolar ventilation, production and recovery of alveolar edema secondary to cardiac failure or lung injury, and recovery from aspiration of salt or fresh water.
Methods to measure transepithelial water transport include: (a) direct assessment of volume change by measurement (as a function of time) of weight, or volume of the fluid compartment on one or both sides of the transporting epithelium; and (b) measurements of changes in the concentration of an impermeant solute, generally added to one side of the epithelial barrier, and whose concentration can be measured by chemical, radioisotopic, or electrochemical methods, or by assessment of a change in fluorescence. If the aim of the study is to quantify permeability coefficients, methods with good time resolution are needed, which in practice limits the options to electrochemical (Cotton et al., 1989 ) and fluorometric methods.
Verkman's group has pioneered the use of fluorescence techniques for the measurement of water and solute fluxes in isolated renal tubules and plasma membrane vesicles thereof, as well as in other preparations (Verkman, 1995) . In this issue of The Journal of General Physiology, Carter et al. (1996) describe a novel method to determine osmotic and diffusive water fluxes, as well as fluxes of protons and other solutes, across the alveolar-capillary barrier of the isolated perfused lung. A very important feature of this development is its application to an intact organ. The airways of isolated murine lungs were filled with solutions containing an impermeant fluorescent probe; one can then perfuse the pulmonary artery and measure the surface fluorescence (of the probe in the alveolar space). For measurements of osmotic water permeability (P0, the probe was FITC~dextran and the perfusate osmolality was changed; for measurements of diffusive water permeability (Pd), the probe was aminonapthalene trisulfonic acid (ANTS) and the water in the perfusate was partially replaced with D2O; for measurements of transal-veolar proton fluxes, the probe was FITC-dextran and the pH of the perfusate was changed. The surface fluorescence of a spot on the pleural surface was detected using an inverted epifluorescence microscope. Confocal fluorescence microscopy was employed to visualize the distribution of fluorophore and to determine the alveolar geometry, which is needed to calculate permeability coefficients. The major advantages of this method, compared to techniques based on sampling airway fluid, are its sensitivity and time resolution and its applicability to small animals.
The measurements reported indicate that the alveolar epithelium has a high Pf, independent of magnitude and direction of the osmotic gradient, with Arrhenius activation energy of 5.3 kcal/mol, and inhibited by HgC12. The ratio of permeabilities (Pf/Pd) was ,'~1,300, which is suggestive of the presence of significant unstirred layers. Regardless of this potential problem, however, the data are consistent with water permeation via Hg-sensitive pores, probably AQP-5. In animals exposed to hyperoxia for several days, Pf decreased significantly, whereas Pd remained unchanged, which illustrates the use of this method to study pathophysiological mechanisms. The power of this technique lies in its sensitivity, time resolution, and applicability to a virtually intact organ, permitting the acquisition of highquality biophysical data without the disruptions resulting from organ or tissue isolation.
Several problems remain (as discussed by Carter et al.) : unstirred layers and other series permeability barriers, heterogeneity of neighboring alveoli, in both geometry and transport properties, and functional differences between surface and deep alveoli. Some of these are intrinsic to measurements in intact tissues, while others may be overcome by methodological refinements such as image analysis allowing for comparison of studies of small and large regions, and studies of lung in vivo. In addition, with appropriate modifications, it might be possible to apply this elegant methodology to other organs, and it might also be possible to study in situ fluid transport via airway epithelium, although the anatomical location of this barrier and the small surface area relative to that of the alveolar epithelium represent serious difficulties.
In more general terms, biophysical studies of transport in intact organs or in vivo are particularly timely because of the recent advances in molecular biology of transport proteins and in transgenic animal technology. An example relevant to the work of Carter et al. (1996) is the progress in understanding the pathogenesis of cystic fibrosis. Following the initial proposal that the basic defect in this disease is in transepithelial chloride permeability (Quinton, 1983) , the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR) was identified (Riordan et al., 1989) , then it was demonstrated that its product is an anion (chloride) channel (Anderson et al., 1991; Bear et al., 1992) , and it was also conclusively demonstrated that a major factor in the pathogenesis of the disease is a reduction in C1-secretion via CF-FR (Welsh and Smith, 1993) . However, other mechanisms could play significant roles, including abnormal activity of other secretory chloride channels that would be normally activated by ATP secretion via CFTR (Reisin et al., 1994; Schwiebert et al., 1995) , although this is controversial (see, e.g., Reddy et al., 1996) , and stimulation of Na + absorption (Boucher et al., 1986; Stutts et al., 1995) . In summary, the question of why fluid secretion is abnormal in the airways of cystic fibrosis patients has not been definitively answered. What is clear is that the pathogenesis of cystic fibrosis is complex, including alterations in ion secretion (C1-), ion absorption (Na+), net water secretion, mucus clearance, and the consequences of these. Mthough the primary lesion is in the CFTR-expressing epithelial cell, the disease compromises the entire tissue, and therefore its pathophysiology cannot be addressed only by cellular and molecular approaches, i.e., it also requires integrative, tissuebased experimentation. Methodologies such as that described by Carter et al. (1996) permit this integrative approach without compromising the quality of the experimental data. Studies in CF animal models, i.e., transgenic mice expressing a mutant CFTR (Snouwaert et al., 1992) , promise further progress, underscoring the need for refinement of organ-physiology studies to address pathophysiological questions. Carter et al. (1996) have succeeded in developing a method to obtain high-quality biophysical data in an intact organ. In the coming years, experimental physiology and experimental medicine will involve experiments in animals in which single genes are overexpressed, ablated or modified in structure and/or site of expression, and coordinated studies will be needed, at levels of inquiry spanning from the molecular to the whole-organ levels. High-quality methodologies to study organ and system function in these fragile, small animals are indispensable, and are elegantly represented by the work discussed here.
